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ABS’ERACT
Tortonian sedimeratation isa dio Betics records a major tectonie evont, tite
Iargost orogenic deformation of dio cordillera, suporimposed on tite largor-
scale, titird-orderTB 3.2 cycle ofeustatie sea-lovelcitange. A ftrst interprotation
of the Sequonce Stratigraplty of tite Murcia-Carrascoy basin is prosented.
Uplift of positivo reliefs aronrad tite basin favaured tite depositiora of titick
successions of conglomoratos evidoncing c¿mnibalism. Facies associations
witness doposition on tite steep siopo of a basin, fod by mauntain rivors titat
supplied coarso sedimesats to tite basin. Tite resulting fara delta is comparable
in many respocts to titoso describod isa fjords, and a dopositional model is
presonted.
Key words: fara delta, siope, Sequonce Stratigrapity, Lato Neogene,
Murcia, 5. E. Spain
RESUMEN
La sedimentación tortonienso en las Béticas registra Ja superposición do
un gran evento tectónico, correspondiente a la deformación más importante
de la cordillera, y del ciclo global TB 3.2 de cambios del nivel de mar. So
Cuadernas de Geología Ibérica N.0 15, 49-71. Madrid, 1991.
Edit. Universidad Complutense.
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ofrece la primera propuesta de interpretación de la cuenca de Murcia-
Carrascoy en términos de Estratigrafía Secuoncial. La surrección de relieves
positivos alrededor do la cuenca favoreció el depósito de potentes
acumulaciones de conglomerados que manifiestan la autofagia de la cuenca.
Las asoctactonos do facies indican que el depósito so produjo en un talud de
cuenca abrupta alimentado por ríos do montaña que aportaba materiales do
grano grueso. El fan delta resultante es comparable en mucitos aspectos a los
descritos en fiordos y se presenta un modelo sedimentario.
Palabras clave: fan delta, talud, Estratigrafía Socuencial, Neógeno
Superior, Murcia, Sureste do España.
INTRODUCTION
Late Neogone sedimentatiora in tite Eastorn Betic Cordillera (soutiteastorn
Spain) occurrod ira a complex toctonic and paleogoograpitic framework of
largo islands, surroundod by partly-interconnectod basins.
Tite Murcia-Carrascoy basin (Fig. 1) is a pafl of tite largor Mar Menor
basin witicit recoivod largo volumes of sedimonts. Tite area lays ira tite loft-
latoral sitoar zono of tite easíern Hotics. Tito basin is situated upan two fault
systems (N400-500 E ¿md N800 E) witicit, at least during a pan of titoir itistary,
actod witit sinistral strike-slip movemont. Soveral uncoraformities interrupt
tite sedimentary infillirag of titebasira awing ta activo synsedimeratary toctonics,
tite sodimoratsdisplaying praminerat wedging ant (Montenat, 1973). Transverso
faults (Nl 300 E) cross tite farmer systems. Active neatectanic and itigit
setsmicity aro common ira tite area nowadays.
Tite basement of tite basin and tite adjacont mauntain rangos titat acted as
saurco rocks for sodimorats, aromado up of motasedimeratary arad motamorpitic
rocks belonging to tite Intemal Zones of tite Betics.
Tite aim of titis paper is to propaso a soquonco stratigrapity madol for tite
basin, arad to iraterpret tito coarso-grainod sodiments diat wore doposited
during a transgrossivo event, giving a sodimontary model able ta explain tite
assaciations of facies. Titis paper adds information arad fresh iraterpretations
to tite Field-trip Guidebook usod during tite Worksitop (Dabrio eta!., 1990).
LATE NEOGENE HISTORY OF ‘EHE BETJCS
During tite Lato Neogeno majar oragenio defarmation of tite Botics
occurrod. So, dopositian was canditianod by tectanic activity altitougit titore
is rocard of oustatic sea-level citaragos as woll. A bettor understanding of tite
Late Noagene itistory of tite basiras may itelp to explain tite canspicuous
accurrence of fan-delta facies in many places ira tite cordillera.
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Fig 1 —Geological sketch of the SE Spain and lacation map of the study area (simplifiod from
Olaverry & Rey, 1980). ln the map ofthe Betic Cordillera, white arcas indicate Neogene basins.
Fig 1.—Mapa geológico esquemático del sureste de España y situación del área estudiada
(simplificado de Olaveny y Rey, 1980). Las zonas en blancodel mapa de las Cordilleras Béticas
indican las cuencas neógenas.
During tite Langitian asad Sorravallian, most basisas dovoloped along twa
largo fau]t zonos directed ENE-WSW alí alosag tite Betics. NW-SE ta WNW-
ESE compressian induced dextral striko-slip displacements along diese faults
(Sanz de Galdoano, 1990).
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A dramatic citange of dynamics arad paloogeograpity itappened during tite
Tortonian, witon tite direction of compressiora bogan ta rotato to tite NNW-
SSE (Montonat el al., 1987, Larouziére el al., 1987) inducing largo
displacomonts of tite NE-SW sinistral faults of dio Botics asad Rift (Larauziéro
eta!., 1988). Strong control by faults directed NW-SE ¿md NE-SW canditioned
tite generation of new polygonal-sitaped basisas. Mast of tite basiras are intra-
montano, dominatod by vertical movoments, but latoral (striko-slip) displa-
comonts strosagly affected deposition ira some basiras. Loft-latoral movemonts
took place in Carrascoy as woll (Dabrio, 1990; Sanz de Galdoana, 1990).
A well documented uraconforrrtity is usually recordod at tite baso of tite
Late Tortoniasa succossions. Genoralized uplift of tite aroas around tite basiras
resulted in tite deposition of titick successions of conglomerates (in fasa delta
settings) arad deposition of breccias filling submarino traugits. By tite osad of
tite Tortonian largo positivo relief existed.
Newcit¿mgos ira titediroctiara of campressiosa occurredduring tite Messini¿m,
Plioceno and Quatersaary timos, producisag rosaewed movemosats alosag faults
(Montenat el a!., 1987, Gay el al., 1990).
Tito evidence aboye sitows that Tortonian sedimentatiosa isa tite Betics
records mostly a major tectonic ovesat suporimposod on a largor-soale cycle of
oustatic sea-joyel citange.
Dabrio (1990) proposed a basin margin modol witit a raarraw slopisag sitolf
titat was cosanocted distally toan abrupt síapo. Toctanically-isaduced subsidesace
favaurod tite accumulatiosa of titick prisms of sedimosat witicit prograded ta tito
basin (i. o. to tite soutiteast). Martínez del Olmo & Jurado (1991) reacited a
similar cosaclusiora asad pointod out titat tite scarcity of turbidito deposits, tite
itigit argillacoous contesat asad tite sitarp facies citasages fram tite basisa margin
to tite basin interior observod near Carrascoy casafirms diat titere existed osaly
a narrow siliciclastic sitolf, isa contrast ta tite wide Lato Neogene sitolf fausad
tn tite Valencia margisa.
WoIl-rounded clasts isa conglomerates eroded, from botit extra-basinal
asad oIdor Neogene deposits indicate tite cansaibalistic nature of tite basisa,
doubtloss relatod to syntoctoraic movemerats. Coarso grain-sizos asad reworked
sitallaw-marine fossils indicate doposition near tite basin margin, but not
saocossarily isa sitallow waters.
LATE-NEOGENE SEQUENCE STRATIGRAPHY
Tito Lato Tortonian and Early Mossinian deposits (also called Tortonian
II-Messiniara 1, Dabrio, 1990) studied rofloct tite TB 3.2 titird-order cyclo of
tite global relativo sea-levol citanges (Haq eta!., 1988) witicit is also registored
isa masay otiter basisas of dio Botics (Sierro eta!., 1990; Pomar, 1991; Esteban,
in prep).
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Montonat (1973) doscribed microfassils found isa titose rocks titat can be
used to date tite depositional sequences. Samples collected near tite base oftite
La Atalaya Marístosaes isadicate ages clase to dio Iimit Serravallian-Tortaniasa
asad Lower Tortonian with C. menardíl (Zane N- 15), but more upwards G.
acostaensis indicates a Tortanian age (Zane N-16)
Below, we propaso a first isaterpretatiasa of tite Sequesaco Stratigrapity
(Fig. 2).
We diisak titat dio marístanes witit turbidites ¿md megabreccia layers called
tite La Naveta marístosaes (Dabrio, 1990), dio Guardia Civil marístosaes (Núñez
el a/., 1974), asad tite coarse-grained sedimesats of tite Puerto de la Cadena
canglomoratos (approximately oquivalont to tite Calumbares sandstones asad
cosaglomerates, Núñez et a!., 1974) corrosposad ta dio lowst¿md systems tract
(LSST) witich wo mier wore largely magnified by tectonie evorats. Coarseraisag-
np megasoquoraces, tesas of metros titick, rocognized isa tite Puerto de la Cadena
Coraglomerates (Dabria 1990) rocord pragradation of fan delta lotes. The iraitial
trasasgressive (maris) arad regressive (conglomorates) cyclos corrosposad to a
witolo local, titird or fourtit ordor, toctonic cyclo. Titis toctonio cycle is includod
tn an eustatic cyclo or depositional soquence. Planktonic foraminifers faurad isa
titeLa Naveta marístones aro tite same as in tite underlyisag units (G. acostaensis)
witit dio additiora of G. pseudomiocenica, O. scitula ventriosa, etc. Titoy indicate
a Late Tortonian ago (Montenat, 1973).
Rapid trasasgrossion arad subsidesaco of tite fan-delta clastic wodgos
creatod steep siopes isa tite final stages of dovelopmesat asad depositiora of tite
trarasgressivo systems tract (TRST), studied isa titis paper. Titese materials lay
uncosafonnably upan tite Puerto do la Cadena conglomerates (Fig. 3); loss
titan 1 km to tite WSW, dio erosian itas almost completoíy eliminated tite
uppor sequonce of tite underlyisag conglomerates.
Tito 1000 m-titick Torremesado maristoraes record pragradation of basisa
and síape deposits widi local sitallow turbidite citannols during dio itigitstand
(Ff551). Plasaktosaic foraminifers include O. dutertrci, O. hutnerosa, O. aif
plesiotumida, asad T. multi!oba, soonjaisaed upwards by O. mediterranea, O.
conomiozea, and O. scitula ventriosa, indicativo of Late Tortoniasa asad
Messinian ages (Zone N-17) (Montonat, 1973).
During tite late higitstand asad tite oarly stages of sea-lovel falí, progradation
ofcarbonato sitolfanddopositionafsitallow-marmsaecalcarenites occurred (La
Virgen calcarenitos, Montesaat, 1973 also callod El Rebate sandstasaes, Núñez
el al., 1974).
Martínez del Olmo & Jurado (1991) casasidor a single Serravallian-
Tortonian episodo, witicit titoy cali an eustaíic sedimentary eycle, comparable
to titase distinguisited in tite Neogone of tite Valencia cosatinoratal margin. Tite
cycle includos a trarasgrossivo sequence witit ano to titreo finisag and titisasaing
np soquencos. Tito top of tite transgressive deposiís coincides witit maxininin
clay contesat. Titose doposits corrospond isa part to La Naveta (z Guardia Civil)
marístoraes. Tito regressive part of tite eustatic sedimesatary cycle has
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Fig 2.—Stratigraphic framework of Serxavallian-Tartonian deposits isaMurcia-Canascoy basin.
COL: conglameratos; SDTS: sandstones.
Fig 2.—Encuadre estratigráfica de los materiales del Serravalliense-Tortoniense en la cuenca
de Murcia-Carrascoy. COL: conglomerados; SDTS: areniscas.
cosaglomorates witit coarsonisag-up megasequosaces isaterpretod as itigit-energy
deltaic jan delta) deposits (Puerto de la Cadena cosaglomerates = Columbares
sandstones asad conglomerates) asad a thick suceession of basin, siope asad
sitelf deposits (Torremesado marístosaes asad La Virgen calcaronites).
Dopositiora offan-delta conglomerates isadicates tite intramontane location
of tite Murcia-Carrascoy basin witit activo sysaorogesaic margiras. Howovor,
tite basin was marginal ta tite continental margisa of Valencia. Tite regressive
opisode gesaeratod isa a basin witit steep margiras related to synsedimontary
toctonic subsidonco itad a rato titat clearly surpassed tite isaput of sediment
(Martínez del Olmo & Jurado, 1991).
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Fig 3.—Sketch drawn from a photograph of the unconfonnable limit (thick line) between the
studied deposits and the Puerto de la Cadenaconglomerates near the Casa Motor and La Naveta
farrn, ca. 250 m WSW from km 403.3 (national road 301). Modiñed and re-intorpreted from
Dabrio et al.’s (1991) figuro 20.
Fig 3.—Esquoma del límite discordante (linea gruesa) entre los materiales estudiados y los
conglomerados del Puerto de la Cadena, cercado la Gasa Motor y la finca La Naveta, unos 250
m al WSW del km 403,3 de la carretera nacional 30. Dibujado a partir de una fotografía.
Modificación y reinterpretación de la Fig. 20 de Dabrio et al. (1991).
DESCRIPTION ANt) INTERPRETATION OF DEPOSITS
Tito sediments studiod itave soveral lititolagio types rangisag from
cosaglomerates to yollow sandstosaes and siltstonos witit calcarenite layers
witicit aro several contimetres to tons of centimotros titick (Fig. 4). Clast
compositiorasitowsdioirprovonancefrommetamorpitic andmotasedimentary
rocks of tite Intornal Zones of dioBotics: pityllades, quartzites, dolostones and
volcanic rocks are most abundant.
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Ng 4.—Stratigraphic section with indicationofphotographsinfigures5,6and7.Thebasalpart
ofthe section (loft) was measured alongthe creek visible in Fig. 3 (to the reader’s lefí); the rest
(centre and right) in the hill of La Naveta farm.
Fig 4.—Sucesión estratigráfica con indicación de las figuras. La parte basal de la sección
(columna de la izquierda) se levantó en el arroyo visible en la Fig. 3 (a la izquierda del lector)
y el resto (columnas del centro y de la derecha) en la calina de la finca La Naveta.
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Conglomerates
The cosaglomerate facies is best-represented isa tite basal asad middlo parts
of tite successiosa witit several typos recagnized.
Conglomeratie Iayers
Tite cosaglomerate layers are lOta 20cm titick witit plane or gesatly scourod
bases witit clasts titat are rausaded pobbles and cobbles diat pass upward isato
coarso tomedium sandstone (Fig. 5 A); diis citange is sitarp. Otitor sequesacos
comprise only fine gravel to modium-fine sandstosae witicit can be burrowod
(Fig. 5 A, lower sequence).
Sometimos diese sedimesats can be interpreted as susponsiasa, widi limitod
traction (Fig. 5 A), deposits (Postma, Nemec & Kleinspeitsa, 1988) or
saormally gradod (7) gravel layers (Lowe, 1982). Otiter beds (metro 40 of tite
sectiasa in Fig.4) are very coarso sand ta fine gravel witit outsized, imbricatod
pebbles flaatisagin tite middle-upper pan of dio bed. These probably represont
depositiasa in tite interface separating alower zane of laminar isaertia flow arad
asa upper zone of itigit-desasity turbulesat suspensiosa (Postma et a!., 1988).
Conglomeratic channel fihis
Lenticular sitaped masses of conglomerate are isatorpreted as fillirag
citansaels (Fig. 5 B). Titese depasits contaisa some clasts witicit are imbricated
itavo grain size distribution widi (coarse-tail) inverso and normal graded
bedding. Mean grain size is pebblo ta cobble witit sorne small bouldors.
Citansaels are tesas of metros wide asad up to 3 m doop. Clast imbricatiosa
isadicates sedimont trasasport to die soutitoast.
Tito propased metitod of transportatiasa was by coitesianless, itigit-
concesatratiosa flows resulting isa debris flows (seo discussian abaut diese
procosses isa Lowo, 1982, Nemee, 1990 asad Postma a al., 1988). Largo,
imbricatod boulders witit a(p) a(i) fabric placed some distance aboye tite
lower limit (bottom of tite citansael) saiay represosat processes similar ta titase
citod isa tite previous case.
GulIy t’iIls
t)isorgasaized, itotoramotric masses of sedimont contaisaing large cabbles
asad boulders are fausad fillisag citannels (gullies) loss dian 20 m wide and 1 to
!Fig 5.-(A) Clast supported conglomerate with fme-gravel matrix, rounded pebbles overlaid by
burrowed (R) sandstones; sharp separation between fuese two lithologies. (B) Conglomerate
channel f11l. Note imbrication (N) and coarser grain near the channel-bottom (white lines).
Bedding dips to fue left (SE). Scale is 15 cm long.
Fig 5.-(A) Conglomerado clasto-soportado de cantos redondeados y matriz de grava fma,
seguidos de areniscas bioturbadas (R); ambas litologías están separadas por una superficie neta.
(B) Relleno de canal de conglomerados. Obsérvese la imbricación (N) y el tamaño de grano más
grueso cerca del fondo del canal (lÍneas blancas). La estratificación se inclina hacia la izquierda
(sureste). La escala en ambas fotografías mide 15 cm.
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1.5 m deep (Fig. 6 A arad E). Titere are botit angular ¿md raunded clasts. A
crudo normal graded bedding is obsorved. Gullies itave stoeply-incised
sidewalls cutting througit older, almost itorizontal depasits; sometimos incisian
cnt down into previaus sasady citasanol-filí doposits (Fig. 6 E).
Titeseare interpreted as gullies eraded by turbidity curronts, later filled by
sediment-gravityfiows moved by basal inertia fiows anditigit-desasity turbidity
currents (Prior & Barsahald, 1989).
Sandstoraes
Sandstono beds (Fig. 6 C and 7) consists of coarse to fine sasad a few to tosas
of cesatimotres titick. Normal grading is commasa. Titere are sovoral types.
Layers of normally-graded, structureless orfaint!y laminared sandstone,
witit sitarp fiat ar gently erosional bases (Fig. 6 C, 7 A). Scatterod, outsizod
pebblos occur grouped isa eidier clustors or isolated. Sometimos titose pebbles
fosan an irregular, discantinuous layer aL tite baso of tite saormally-graded
coarso to very corso sandstosao (Fig. 6 A, 7 A, C). Isa many otiter beds clasts
fioat rougitly isa tite middle sectiasa of tite bed (Fig. 7 A) or at its top (Fig. 6 C)
Titese deposits can be isaterpreted as dio rosult of itigit-dorasity turbidity
curresats witit largo clasts dragged at titeir bases asad left beitisad as lags. Postma
et a!. (1988) proved titat largo clasts fioating wititin tite bod were first
suspended by strang turbulosat lift, asad titen glided along tite baundary
between a itigitly-concentrated, nosa-turbulent base called tite inertia-fiow
layer asad titeoverlyisag, faster-movisag turbulesat-fiaw layer. Clastscommonly
display an gp) a(i) fabric witicit, according to titese autitors rosults from tite
higitly concontrated grain dispersiosas of tite underlyisag iraertia-fiow rogime.
Clusters of floating clasts maybe due to tite tendency of a largo clast to form
an obstruction asad trap for atitor clasts gliding along tite same surface.
Isalated poorly ronsaded ar angular, scattered bouldors up to 40 cm ira
diamoter (Fig. 6 C, D) accur isa tite sandstane layers. Sometimos titeso show
ara arcuate, semicircular accumulatiasa of pebbles an tite assumod up-currosat
sido. Appareratly tite largor clast acted as an obstado asad trap far tite smallor-
sizod boulders. Otiter pebbles occurring are isacluded inta very fine gravol-
sized coraglomoratic layors (Fig. 6 U).
Titere aro several possiblo origisas far diese clasts. Many of titom may be
boulders dragged by turbidity curronts asad left beitisad as lags. Anotiter
explanation maybe titattiteyre «outrusaners», 1.0. clasts originally transponed
at tite top of dobris-fiow badies moved by tite tractiosa pitase of tite passing
turbidity curresat, and doposited distally downslopo widiin sandy turbiditos
(Pastma et al., 1988). Sucit asa arigin is considerod likoly as most of titose
bouldors isa saradstones wore associated wítit baulder-fillod gullies (Fig. 4).
Para!lel-/aminatedye!!owish sandstone (Fig. 6 C, 7 C, t)) witit lamination
titat may be deformed by water-oscape structuros (Fig. 7 C, D) or may be
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obscuro or vory faisat (Fig. 6 C lowor pafl, 7 C lowor pan) prabably resultisag
from dewatoring.
Titese are isaterpretod as deposits of itigit-density turbidity curresats itavisag
tractiora arad suspension divisiosas described ira Lawe’s (1982) terms.
Undulating laminated sanástones with metric wavo-length may be
associated widi parallel lamination (Fig. 7 A, C), probably resultisag from
adaptation to previous bottom reliefs.
Gentío, smootit erasianal surfaces truncate boddirag, soparating sets of
beds (Fig. 7 B). Titis is isaterpretod as resulting from erosiasa oftite bottam ¿md
draping by younger deposits.
Fassils
Macra fossil contesatoccurs largely as trasasportod skoletal remains, witicit
intograte a largo part of tite coarser-grained isatorvais wititisa sandstono layors.
Many layers cantain an abundasatsitallow-marino besatitic fauna: froquontly
oysters arad pectinids, cirripeds, abundant noedíes ¿md fragments of sea-
urcitisas, fragments of sevoral types of bryazoans. Flora includos red algao asad
ritodalitits.
Fossil contesat incroases ftam metre 50 upwards (Fig. 4) witit dioaburadasace
of marístone.
Biogonic structures
Biogenic structures include vertical a itorizontal bioturbation. Burrowing
is a common feature of same sandstorae layers, particularly isa tite fisaer-
Hg &—(A) Gully with steep walls filled with heterometric coarse-grained sediment. The
coarsest grain sises concentrate near te base asad wall. Arrow pointing tate scale bar. (B) The
opposite margin of the gully (photographs 6 A and B cover almost the whole gully) with twa
episodes of gully filí (note discontinuouslines marking te limits): inclined-lasninated sandstones
(belaw) and coarse grair sises. Ruler encircíed. (C) Laminated sandstones with isolated cobbles
(X) both in tite erosional surface asad floating ja sandstono sorne distance aboyotite erosional
baso ofbed. (D) Isolated baulder in a 15 cm-thick layerof fine gravel and coarse sandstone; (R)
burrowed finesandstone; (E) erasional base of microconglomerate bed. Scale is 15cm Long in
photographs.
Fig 6.—<A) Canal estrecha (gully) de paredes abruptas relleno de conglomerados heterométricos.
Los clastos de mayor tamaño se acumulancerca del fondo y de las paredes. La flecha indica la
escala. (B) Margen opuesta del misma canal (las fotografías A y B lo cubren casiporcompleté)
con dos episodios de relleno (las lineas discontinuas indican los limites): areniscas con
laminación inclinada (abajo) y conglomerados. El círculo marca la reglade escala. (C) Areniscas
laminadas con cantos aislados (X) en la superficie erosiva y flotando en la arenisca a alguna
distancia sobre la baseerosiva. (D) Bloque aislado en una capa de 15cmde espesorde gravafina
y arenisca muy gruesa; (R) arenisca fina bioturbada; (E) base erosiva del nivel
macroconglomerático. La escala mido 15 cm en todas las fotografías.
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graisaed silty tops (Td)of tite normal gradod beds (Fig. 5 A,6 C, 7 A, B). Intense
burrowisag eventually obliteratos primary sedimentary structuros of layers
(Fig. 7 8) but difforences isa grain size asad cemosatatiasa are still observable.
Burrowod layers occur graupod (Fig. 7 A, B); titis is believed to be related to
periods of slowed deposition with reducod sodimentation ratos.
FACIES ASSOCIATIONS
Titodescribed lititologies tesad tooccurin sorno intervals oftite stratigraphic
soction (Fig. 4). We assume that titose deposits aro intograted isato associations
witit a genetic moasaing (Fig. 8).
Titose assaciatians roflect particular conditioras of sodimosatation resultisag
from coincidence of sodimontary processos; ultimately titis will offer a key to
interpreting tito sedimentary environment arad ta tite proposal of a feasiblo
madel. We itave informally termed titose facies association witit capitals from
Ato E iradescending orderof dominant grain sizes. Naturally no torminological
implicatioras sitoníd be taken from titis descriptiosa.
Association A
Conglomorates filling citannels or ira thick, irrogular-basod layers (Fig. 5
B). Wo bolieve titis roprososats tite more «praximal» facies association,
depositod by itigit-density flows arad debris flows. It is comparable to titezane
of citannels fooding doeper-wator realms.
Asgociation B
Gravels to coarse sasadstonos witit planar lower bonsadarios; imbricated,
outsized clasts floatisag ira many layors. Titis ropresents a zane of coarse-
Fig 7.—(A) Vertical accumulation of normal-graded sandstono layers (arrows shaw a few of
such layers) with isolatod, rounded floatingpebbles floating in structurelessor faintly laminated
sandstones. (3) Close-up of 7 A to shaw intensely burrowed sandstones. Vertical arrow
illustrates a normally-graded bed. (C) Water-escapc structure iii parallel-larninated sandstone.
Undulating lamination is visible in the upper in the far end. (O) Parallel-laniinated layers of
sandsione defarmed by water-oscape structures. Scale is 15 cm long in photographs.
Fig 7.—(A) Apilamiento vertical de areniscas can granoclasificación positiva (las flechas
indican algunos de esos niveles) con cantos aislados, redondeados flotando en areniscas sin
estructura interna visible o débilmente laminadas. (B) detalle de la anterior para mostrar
areniscas intensamente bioturbadas. La flecha vertical indica un nivel con granoclasificación
positiva. (C) Estructura de escape de agua en areniscas con laminación paralela. Al fondo se
observalaminación ondulada. (O) Areniscas conlaminación paralela deformados porescape de
agua. La escala mide 15 cm en todas las fotografías.
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Hg 8.—Facies associations described in the text and interpretation.
Fig 8—Asociaciones de facies descritas en el texto e interpretación.
grainod asad sasady splays at tite dowsaslope erad of gravol-fillod citanneis asad
gullies.
Association C
Modium-coarse sands to grave) witit intense burrowirag arad autsizod
elasts, wator-escape structuros arad sysasedimontary faulting. Titis is intorproted
as a zane of dominantly sandy splays fousad downslopo from tite citannels arad
gullios marked by rapid deposition asad isastability. Largo clasts ontrun
coarsor-grained debris flows.
Associatiosa O
Dominated by parallol-laminated, normally-graded sandstones witit
outsizod bouldors, water-escapo asad uradutatisag laminatiosa togotiter witit
thickness section facies associations interprelation
(m> 95 E settling of fines
90 C sand splays and remobilized mixed-shelf deposlís
E settí¡ng of fines
80
D sand and gravel splays, gullies
70 E settling of fines
C sand splays witli Qutrun clasts
Flood¡ng surface (?)
remobilized proximal mixed-shelf deposlís
A íiííing of gravel chutes 2
gravel swales .4
B proximal gravel and sand splays
.4cr
o
o sand and gravel splays o-
z
.4
u.
A remobilized proximal mixed-shelf depositsgravel swales and splays
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layors of calcarenitos witit complete oystors asad pectinids. Some of titese
layers are lumacitelles. Incisod coarse conglomorato layers (gully filís).
Association E
Yellowisit mudstosaes ¿md marístones represont basinal facies.
SEDIMENTARY MODEL AND DISCUSSION
Wo proposo tite describod facies associations as boing gonetically rolated,
i.e., titey ropresesat depositiosa on tite steep síape ofa basin distally connected
to a mauntaisa valloy or river titat supplied tite coarse sediments to tite basin.
Sporadic, but vigoraus, discitargos provide tite material of coarse grain size
arad account for titeepisodic citaracter of tite deposits. Titis typosofunderwater
accumulation of coarse clastios is a typo of fan delta witicit may, or may saot,
itave a subaerial oxpression (Prior y Bamitold, 1990; Nemeo, 1990, Pastma,
1990 a & b). As stated by Pastma (1990 a & b) delta citaracteristics,
particularly arcititecturo asad sodimentary facies, are ossential ta recognize
deltas.
Tite proposed model incorparatos tite facies associations listod earlier;
facies association A is tite most proximal arad facies association O tite most
distal (Fig. 9). Associatian E represonts fine-graisaed basin doposition.
Sedimontation on tite stoop síapes of coarse-grainod deltas itas received
mucit attention in tite last years botit isa fossil (Pastma, 1984; Massari, 1984;
Postma & Roop, 1985; Postma et al., 1988; among masay otiters) asad Rocont
(Prior & Bamitald, 1988, 1989, 1990) deposits.
Nemoc (1990) carried ant a careful analysis of sedimont movement osa
stoop delta síapes. According to itim, on stoop delta síapes, tite potontial far
downslope trasasport of sodimont intermittontly exceods tite rato of sedimosat
supply. Tite slopos are conductivo to small asad largo-scale instability, whicit
makes thom subject to isatermittent local rotreat by mass failure, and to more
contisauous procosses of mass-movement. Sottlisag from suspension arad
dumping from bedload tractiosa are tite principal modos of sodimont supply by
stroam effluosats, witeroas mass mavemont is tite maisa convoyar of tite
sediment osa tite subaquoous síape itself. Debris flows and turbidity curronts
are among tite importasat mecitanisms of sodimosat transpofl asad doposition on
steep síapes of coarso-grainod deltas (Massari, 1984, Prior& Borsaitold 1988,
1990, Bornitold & Prior, 1990).
Turbidity curresats an delta síapos terad to doposit titoir coarsest load raer
tite sourco arad carry finor material downslope (Massari, 1984). Howevor,
titey may also trap largo clasts isa traction ira tite frontal part, titen drop titom
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s~. river valley
‘3
Fig 9.—Sedimentary model of steep-slope fan delta in Murcia-Carrascay, inspired in fjord fan
delias (Prior & Boruhold, 1990). Seo text for explanation.
Fig 9.—Modelo sedimentaria de fan delta con talud abrupta en la cuenca de Murcia-Carrascoy,
inspirado en los fan deltas de fiordos (Prior y Bomhold, 1990). Explicación ene1 texto.
preferentially in tite itydraulic jump conditions of a síapo break or delta-toe
zane (Postma eta!., 1988, Nemec, 1990). Coarse sedimesat may be trarasferrod
to tite Iower slope by sliding, slumping arad as debris flows isa citute-¿md-lobe
systems (Prior & Borsaitold 1988, 1989. 1990, Nemec. 1990). After boing
fillod witit sandy ar coarser-graisaed sediments, cituto and gully deposits form
fisager-like bodies oxtosading from tite upper síapo downwards surraundod isa
a mass effiner—gr-ained-depo.-sits{Surlyk, 1987; Sitasamugan &-Moiola, 1991).
At least titree differont mecitanisms can generate donsity curresats isa delta
settings. Titoy may (i) derive fram dispersed itead-parts of subaqueous dobris
flows, (ji) be generatod directly by sediment-laden stream efflnonts as
«ityperpycsaical» density underflows or (iii) derive from flood-stago stream
sand
splay
1
gully filled with
coarse conglomerate
conglomerate splay
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offluesatless diroctly, by intense sedimesat falí ant from tite suspension plume
titat may evolve isato a sitoet-like undorflow. Turbidity curronts will terad tobe
sitort-lived isa tite first caso but they may rango from brief surges to moro
continuous (itours to days) desasity «streams» (Nemoc, 1990).
Prosent analoguos for aur modol may be tite fjord fara deltas of Britisit
Columbia described by Prior & Bomitold (1988, 1989, 1990) and Bomitoid
&Prior (1990). Abrief accousat follows. Fjord fasa deltas itave steep longitudinal
profiles (average síapes 130) fed witit coarse-grainod sediments from fjard-
sido rivers. Most of titeso fan deltas lack tite subaerial oxpressiosa of a fasa bnt
titoy do oxitibit well-dovoloped submarino cono sitapos.
Building of fjord fan deltas saeeds a combination of procosses taking placo
witit various froquesacies asad magnitudes iracludisag subaqueous dobris
avalaracitisag, inertia flows, turbidity flows, slope failure asad settling of
suspesasiosas from buayant plumos. Losag-term fan development rospasads to
citanges isa sedimesat supply from dio coastline asad reduction ira underwater
roliof asad síape gradiosats.
Prior & Borsaitold (1990) proposod a four-stage syntitetic evolutiasaary
soquonce titat reflects difforesacos in process combinatiasas as tite fan delta
dovelops. A crucial paisat is titat underwator fasa progradation, aggradation asad
basira fillirag reduce offsitore relief, bottom síapes asad gravitational strossos.
Titoro is a progrossive reduction isa sediment supply to tite underwator síapes,
as tite subaerial fan composaesat graws, asad offsitoro relief declines. Ira
practical terms diis mo¿ms a noticeablo citango isa tite domisaant trasasport
processos and doposits, from debris avalancitisag to isaertia flows to turbidity
flows arad to síapo instability.
Wo suggest titat facies associatiosas isa tite Murcia-Carrascoy campare woll
witit stages 2 arad 3 of tite ovolutionary model described by Prior & Bomitold
(1990). Titeso fan deltas are dominated by inertia flaws, tbat disperso corso
grave! asad sarad from tite fan apex across tite underwater cono over steep
siapes. High-density turbidity currents accompany isaertia flaws (seo Postma
et a!., 1988) oroding citutes witicit trasasport sarad downslope (Prior &
Bornitold, 1989).
Tito coarso basal part arad tite coarsesaisag-up middlo part of tite succossion
include titree facies associatiosas witicit may be isaterproted as deposits of
gravol citutes plus ridgos and swales fillod witit gravel (associatiasa A), gravol
asad sandy splays at tite dowsaslope osad of gravol-filled citaranels (swales) arad
gullies (associatiosa B) arad titin, isadistinct splays of sasad arad fine gravels ira
tite dawsaslope end of tite ridgo and swale zono (associatiosas C ¿md D) witb
isolated gullies fillod witit doposits of cosafinod inortia flows (Fig. 9). Fine
carbonato-ricit mudstosaes asad marístonos accumulatod during quieter poriods.
Vertical buildup rosults fram progradation of titeso subonviroramosats.
We did not fisad proof of generalizod in situ slopo failure sucit as slump
scars ¿md slidos. Howevor mucit of tite sodimosat gravity-flows may be
latorally (upslopo) related to titese pitenomena.
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Tito proposed model explaisas tite coarsonisag up trerad of tite middle part
of tite section, but needs more explanatiosa ta matcit comparison witit fjord
models.
As noted before, evolutionary models of fjord fasa deltas oxitibit a fisairag
up general trond anda pragressive sitallowing np citaracter (Prior &Borsaitold,
1990) becauso of tite pragrossivo filling of tite basin asad tite absence of
tectonicauy-induced subsidence. Titis isnot titecase isa titeMurcia-Carrascoy
area where a progradisag, coarsosaing-up trosad is woll documesated (Fig. 4 arad
8) isa dio lowor pan of tite sectiasa. We titisak that titis reflects progradation of
a fasa delta during a stage of sea level stability fallowisag tectoraic uplift.
Combination of uplift and tite lowstand of global cycle TB3.2 producod an
oversizod relativo sea-level fail.
Wo assume titat sovoral positivo oscillatioras of relativo sea-level are
recorded ira tite section as citangos of graira size arad sedimentary facies.
Usafortusaately, we couLdnot trace tite flooding surfacos oven aftorcaroful searcit;
titus, wo can saot offer a dotailed doscriptiosa. We propaso titat tite citasagos from
conglomorates to sandstone (ca. metros 15 arad 5’?, Fig. 4) indicate tite probable
locatian of diese surfacos. The coarso grainod, lower deposits upon tite basal
unconfansaity may reprosent a tectanic ovesat titat probably producod a relativo
lowor-order faIlof sea lovel ¿md orosian. Titeso lowstand casaglomeratos (metros
Oto 15, Fig. 4) aro followod upwards by tite majar prograding episade recordod
as tite caarsening up sequenco (metros 15 to 57). Tito smallor-scale caarsenisag-
up megasequosaces ovidenco progradation of gullies arad gravelly ridgos and
swales in proximal steep-slopos. Later progradatioras of dio fan delta wero
recorded ira titesection as well (metros 57 to 95) but osaly tite more distal deposits
itave been roflected isa titis particular area (Fig. 8). Most probably, tite changos
of facies associatiosas rosult from smáll-scalo fluctuatiosas of sea level or some
toctonic activity, but we lack a defisaito conclusiosa. Ronewed transgrossion
forcod tite sitallower envirosaments furtitor lasadward ¿md tite Tarromonda
marístosaes wore depositodon titenew sitolf-to-slopo environmenttitat prograded
upan tite formor basin asad síope settings.
As a witolo, titeses doposits represesat a titick fisaing up successiosa witich
isacludo tite lowstasad coarse-graisaed fan delta doposits of tite Puerta de la
Cadena, tite transgressive fasa-dolta slope studiod ira titis papor, arad the finer
grainod basin-to-síape Torromosadomarístanos deposited during tite liigitstand.
Tho depositional sequence (Fig. 2) also includos tite storm-worked sitatlow-
water carbonatos (La Virgen calcaronites) titat prograded during tite lato
itigitstasad.
CONCLUSIONS
We propase as a first intorprotatiosa of tite Sequonce Stratigrapity isa tite
Murcia-Casrrascoy tite fallowing dopasitianal sequence. Marístasaes witit
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turbidites and megabreccia layors (La Naveta maristosaes) asad fan-dolta
conglomerates (Puerto de la Cadena) corrosposad to dio Iawstasad systems tract
largely magnifiod by tectonic effects.
Rapid transgression and subsidosaco uposa tite fan-delta clastic wedges
created stoep siopes asad deposition of tite transgrossive systems tract studied
isa titis paper.
Tito overlying Torremendo marístonos rocord progradation of basin ¿md
síape marine doposits. During tite lato itigitstand arad tite oarly stages of sea-
levo] fail, tite sitallow-marine La Virgen calcaronites wero deposited.
Higit-dosasity flows, debris flows, itigit-density turbidity curresats arad tite
sottling of fines are tite mosí prominont sedimentary processes. We itavo
distiraguisitod five facies associatiosas isa tite yollowisit sandstones witicit wo
interpret to corresporad to doposition isa various settings along a steop basin
siapo. Coarsesaing-up mogasoquesaces record progradation of gravolly rUge
and swale and gullies isa praximal stoep-slope fasa deltas. Titis itapponod after
tectosaic uplift asad a major sea-lovel falí during tite lowstand of global cyclo
TB3.2. Wesuspoct tbat floodisag surfacos related to transgression exists iii tite
basal arad central part of tite section. Aftor that, progradatian isavolved more
distal deposits titat probably record small-scale fluctuatiosas of sea level.
Prosont analogues for titis modo] ,nay be tite fjord fan deltas of British
Columbia. Tite describod facies associatiosascomparo to stagos 2 asad 3 of tite
ovolutionary modol doscribed by Prior & Bornitold (1990). Titese fasa deltas
aro dominated by inortia flows diat disperse coarse gravel and sasad from tite
fan apex across tite undorwater cono ovor steep siopos. Higit-donsity turbidity
currents accompany inertia flows eroding citutes witich transport sasad
dawsaslope.
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